We investigate welfare and aggregate implications of a pay as you go (PAYG) social security system in a dynastic framework in which agents have self-control problems. The presence of these two additional factors at the same time affects individuals' intertemporal decision problems in two opposite directions. That is, on the one hand individuals prefer to save more because of their altruistic concerns, on the other hand, they prefer to save less because of their urge for temptation towards current consumption. Individuals' efforts to balance between the long-term commitment (consumption smoothing and altruism) and the short-term urge for temptation result in self-control costs. In this environment the existence of social security system provides not only consumption smoothing and risksharing mechanisms but also a channel that reduces the severity of temptation. We find that the adverse welfare effects of a PAYG system are further mitigated relative to the environments that incorporates altruism and self control issues separately.
Introduction
The U.S. and many other countries run a pay as you go (PAYG) social security system in which tax revenues collected from current workers pay benefits of current retirees. Because the PAYG system affects individuals' fundamental economic decisions substantially and social security expenses is one of the large expenditure items in a government's budget, economists have analyzed the effects of the PAYG social security system extensively.
In the standard models of social security it is assumed that individuals save to smooth their consumption and to insure against idiosyncratic productivity shocks and longevity risk. Yet, individuals' savings decisions might also be affected by their altruistic concerns and self-control problems. Although there are studies that conduct welfare analyses of a PAYG system by using model economies that incorporate either individuals' altruistic concerns or self-control problems, the welfare implications of a PAYG system are not known if the two factors, altruism and temptation, coexist. We develop a model economy that incorporates these two factors and investigate the welfare implications of a PAYG system accordingly. In particular, we address the following two questions. First, what are the effects of temptation and altruism together on individuals' inter-temporal allocations and welfare? Second, what are the role and effects of a PAYG system in that environment?
The benefits and costs of the PAYG system are well documented in the literature: the PAYG system provides an insurance against longevity and income risks but, at the same time, it distorts an individual's saving and labour supply decisions. Using a deterministic standard overlapping generations (OLG) model, Diamond [1965] shows that social security reduces the steady state capital stock because it taxes workers with high propensities to save to pay benefits of retirees with low propensities to save. A decrease in a steady state capital stock, in turn, reduces welfare when the economy is dynamically efficient. Auerbach and Kotlikoff [1987] assess the magnitude of welfare losses using a deterministic large scale OLG model and find that social security always results in a welfare loss. Because private annuity markets that provide insurance against longevity risk are thin, social security has an important insurance role. 1 This, in turn, creates a potential for welfare improvement. Hubbard and Judd [1987] analyze the extent of insurance benefit of social security in an incomplete market environment where individuals have random lives. They show that even in the environment that social security provides insurance against longevity risk, it still decreases welfare. Imrohoroglu et al. [1995] extend Hubbard and Jude's work by adding an individual earning uncertainty to the model through the channel of unemployment risk. They show that social security might enhance welfare, but their results are driven from the dynamic inefficiency in the model economy. To eliminate the dynamic inefficiency, Imrohoroglu et al. [1999] incorporate a fixed production factor, land, to a model of social security. They show that having social security in the economy reduces welfare because the adverse effects are dominant.
Inter-generational transfers have important implications on individuals' choices. This in turn affects the extend of the PAYG system's costs and benefits. There is a strand of the literature that analyzes the effects of social security by using dynastic models. In his seminal work, Barro [1974] shows that if a bequest motive is operative then private transfers can neutralize the effects of public transfers and public debt i.e. Ricardian equivalence holds.
Fuster [1999] demonstrate that when individuals have bequest and inter-vivos transfer motives, social security is less detrimental to the capital stock in an economy. Fuster et al. [2003] develop a dynastic OLG model with inelastic labor supply. They show that the insurance role played by social security dominates its crowding-out effects on capital stock and hence, the steady state welfare increases with social security for most households. Fuster et al. [2007] extend their previous work by adding labor/leisure choice and find that individuals prefer to be born into an economy without social security mainly because of efficiency gains from removing distortions on labor supply. Potential idiosyncrasies in individuals' preferences are another important source of uncertainty regarding with the welfare implications of social security. A number of studies show that social security can generate welfare gains when households lack the foresight to save adequately for their retirement. 2 Two types of preference structures, time-inconsistent and self-control preferences, have been employed to analyze various macroeconomic problems including social security. 3 investigate the welfare effects of a PAYG system in an economy in which individuals have time-inconsistent preferences. Social security in that environment works as a commitment device. In other words, social security saves on behalf of individuals who, otherwise, would not save enough for their retirement because of their time-inconsistent preferences. Even in that environment, the existence of a PAYG program could not improve the welfare. In a similar vein, Fehr et al. [2008] calculate the welfare effects of removing social security by calibrating a model economy to the German economy. They calculate not only the steady state equilibrium but also the transition path. In contrast to the results of Imrohoroglu et al., they show that social security enhances welfare and the welfare gain is the highest if individuals have time-inconsistent preferences. Kumru and Thanopoulos [2008] incorporate self-control preferences into a model of social security. In their environment, social security does not play a role of a commitment device but it plays a role of a temptation reducing device. Interestingly, Kumru and Thanopoulos show that social security might enhance welfare by reducing individuals' self-control costs through the channel of reducing their available wealth each period.
The effects of a PAYG social security system on an economy in which individuals are altruistic towards their children but have self-control problems have not yet been analyzed. In dynastic models individuals save not only for consumption smoothing and insurance purposes but also for altruistic motives i.e. to leave bequests and make inter-vivos transfers. Intergenerational private transfers mitigate the adverse effects of the PAYG system on savings. In contrast, when individuals face temptation they increase their current consumptions to be rid of the urge for temptation. Individuals' efforts to resist temptation create a self-control cost. In such environment the PAYG system provides an additional benefit: reducing self-control cost through the channel of reducing available wealth each period. Hence, its existence might not be as detrimental as compared to an environment in which there are no self-control problems.
In this paper we analyze the welfare implications of a PAYG social security system in a dynastic framework in which individuals have self-control preferences. To conduct our analysis we first develop a simple two period model. Our simple model helps us to understand how the interaction between altruistic concerns and urge for temptation influences the effects of the PAYG system on individuals' saving decisions. We show that altruism and temptation factors affect individuals' saving decisions in the opposite directions. That is on the one hand individuals prefer to save more because of their altruistic concerns, on the other hand they prefer to save less because of their urge for temptation towards current consumption. Furthermore, we show that altruistic individuals with self-control problems face larger self-control costs when they are young because they save not only for their old age consumptions but also for to leave bequests. In such environment, we show that the PAYG system offer an additional benefit: reducing self-control costs. Note that the same additional benefit is also available for nonaltruistic individuals when they are young. In contrast to non-altruistic individuals, altruistic individuals face self-control costs when they are old too. Yet, the PAYG system does not offer any relief for old age self-control costs. Our simple model shows that the complex interaction between altruistic concerns, urge for temptation, and the PAYG system has substantial impacts on savings and self-control costs. This, in turn, raises the possibility that welfare implications of social security might differ from those already established by the previous studies, which incorporate altruistic concerns and self control issues separately to large scale general equilibrium OLG models.
Next, we develop a large scale model economy that comprises altruistic individuals with self-control preferences, competitive firms and a fully committed government. In that model, parents and children form a decision unit called a household in which resources are pooled and decisions are made jointly. A sequence of households in a family line, which is linked together through skill transmission and a bequest motive, creates a household dynasty. Households face demographic and skill shocks which are uninsurable. Our set up of household sector is quite similar to that of Fuster et al. [2003] . However, we deviate from them by incorporating the self-control preference structure created by Gul and Pesendorfer [2004] . We calibrate our model to the US data. In our simulation studies we confirm that the presence of two additional factors, altruism and temptation, mitigates the adverse welfare effects of a PAYG system. The paper is organized as follows. Section 2 provides a concise introduction to self-control preferences and time inconsistency. We briefly present and compare the two theories and attempt to shed light on the different implications they have for the question at hand. Section 3 presents our two-period partial equilibrium model and analytical results. In section 4 we present our large scale model economy, describe the parameter values of it, present results of our policy experiments, and conduct sensitivity analysis. Section 5 concludes. The mathematical details of the solution to the simple model are delegated to Appendix A. Appendix B explains the computational techniques used in the paper and appendix C presents the remaining tables.
Temptation and self-control preferences
In this section we briefly highlight the similarities and differences between the time-inconsistent and the self-control preferences as well as motivate the use of the former in this paper.
Time inconsistent preferences
In the standard OLG models, preferences are defined over sequences of lifetime consumption, {c 1 , c 2 , ..., c j , ..., c J }. If individuals in the economy have time consistent preferences, and a deterministic life-span is equal to J, the utility ranking of the lifetime consumption sequences will not depend on their standpoint j : ranking of these sequences will be invariant with respect to the time the ranking took place.
The essence of the time inconsistent preferences is that the aforementioned invariance result no longer holds: The discounting structure sets up a conflict between today's preferences and the preferences that will be held in the future, commonly labeled as a "preference reversal." For example, from today's perspective, the discount rate between two far-off periods, j and j + 1, is the long-term low discount rate, while from the time j perspective, the discount rate between j and j + 1 is the short-term high discount rate. This can be modeled by the following preference structure adapted to the purposes of our model from Laibson [1997] :
When 0 < δ < 1 , the above discounting structure can mimic the qualitative property of the generalized hyperbolic discounting function (namely a function implying discount rates that decline as the discounted event moves further away in time) but at the same time maintain most of the analytical tractability of the exponential discounting function. The preferences given in the above equation are dynamically inconsistent, in the sense that preferences at date j are inconsistent with preferences at date j + 1. 4 4 To check this note that the MRS between periods j + 1 and j + 2 consumptions from the standpoint of the decision maker at time j is given by
, which is not equal to the MRS between those same periods from the standpoint of the decision maker at j + 1 :
Note that a major consequence of the time inconsistent preferences is that the optimal policy functions derived at age j for ages j > j will no longer be optimal when the individual arrives at age j ; and in the absence of any commitment technology, the individual's future behavior will deviate from that prescribed by the earlier policy functions.
Self-control preferences
An alternative way of modelling self-control issues is to use a class of utility functions identified by Gul and Pesendorfer [2004] . They provide a time-consistent model that addresses the preference reversals that motivate the time inconsistency literature.
Consider a set B of consumption lotteries, and a two-period setting. Gul and Pesendorfer [2004] have shown that under a specific assumption on choice sets (set betweenness) combined with other standard axioms that yield the expected utility function U (.) defined as U (B) := max p∈B (u (c) + v (c)) dp − max p∈B v(c)dp that represents the preference relation implied by the above axioms. The function u(.) represents the individual's ranking over alternatives when she is committed to a single choice while when she is not committed to a single choice, her welfare is affected by the temptation utility represented by v(.). Note that when B is a singleton, the terms involving v(.) will vanish leaving only the u(.) terms to represent preferences. However, if it is e.g. B = {c, c } with u(c) > u(c ) an individual will succumb to the temptation (that is, she will pick the commitment utility-reducing alternative, c ) only if the latter provides a sufficiently high temptation utility v(.) and offsets the fact that u(c) > u(c ), i.e., when
In this case the individual wishes she had only c as the available alternative, since under the presence of c , she cannot resist the temptation of choosing the latter.
When the above inequality is reversed, however, the individual will pick c in the second period, albeit at a cost of v(c ) − v(c). 5 We call the latter difference the "cost of self-control."
In terms of the setting in the present paper, in every period an individual faces a consumptionsavings problem. Each period, our individuals make a decision that yields a consumption for 5 To see that, note that for B = {c, c } and u(c) > u(c ) we would have that
and since by assumption v(c ) > v(c) this means that
i.e. the utility of the choice c gets penalized by a positive number, the "cost of self-control". Note that in the case v(c ) < v(c) i.e. when there is congruence of the utility functions as to which alternative is the best, there is no temptation issue anymore; c is chosen at no penalty since the v(.) terms in U ({c, c }) cancel out. that period and wealth for the next. However, each period these individuals face the temptation to consume all of their wealth, and hence, resisting to this temptation results in a self-controlrelated cost.
Under standard assumptions combined with the multi-period version of "set betweenness," we can represent self-control preferences in a recursive form for the purposes of our J period model which is delegated to sections 3 and 4.
The main difference between the above models is that the self control preferences do not imply dynamic inconsistency. Preferences are perfectly consistent. Moreover, it allows agents to exercise self-control, an option not existing in the time-inconsistent preferences. The difference in discounting was the source of preference reversals in the time-inconsistent preferences and the explanation of why individuals find immediate rewards tempting. Instead, Gul and Pesendorfer [2004] 's explanation assumes that agents maximize a utility function that is a "compromise" between the standard utility (or "commitment" utility) and a "temptation" utility. consider a setting similar to ours and analyze the consequences of time inconsistent preferences, while we follow the self-control paradigm in a similar finitehorizon setting. Gul and Pesendorfer [2004] show that for finite decision problems a time inconsistency model can be re-interpreted as a temptation model.
A simple two-period model
In this section we analyze the effects of altruism and self-control problems on individuals' allocation of resources by using a two period OLG model.
Individual's problem
An individual lives for two periods. At the beginning of her life she receives a bequest from her parents. While she supplies her 1 unit of labor endowment inelastically when she is young, she retires and receives a pension benefit when she is old. Because of her altruistic concerns, she saves a fraction of her wealth for her children in the second period. We also assume that she has self-control problems. The dynamic programing problem in the first period can be written as follows:
where V 1 is the first period's value function; c 1 is the first period's commitment consumption; c 1 is the first period's hypothetical temptation consumption; s 1 is the first period's commitment saving; s 1 is the first period's hypothetical saving; b 1 is the bequest received from the parents; w is the wage income; τ is the social security tax rate; u(.) is the momentary utility function; v(.) is the temptation utility function. We assume that momentary and temptation utility functions take the following forms respectively: u (c 1 ,
, where V 2 is the second period's value function; λ is the parameter that captures the strength of temptation; and κ is the parameter that governs the nature of temptation. When κ 1 < 1, individuals are tempted towards current consumption; when κ 1 > 1, individuals are tempted towards future consumption; and when κ 1 = 0, individuals are tempted to consume all available wealth in a given period. Note that {v (c 1 , s 1 ) − v ( c 1 , s 1 )} represents the cost of resisting to temptation i.e. the self-control cost.
In the second period she allocates her wealth between the second period consumption and bequest levels. The dynamic programming problem is given by
where b 2 is the amount of bequest left if the commitment consumption level is chosen; b 2 is the amount of bequest left when the temptation consumption level is chosen; R is the gross return from the savings, and T is the amount of pension benefit. Specifically, we assume that the second period utility function has a form of u (c 2 , b 2 ) = 
is the self-control cost in the second period. The motive for bequest arises because individuals' preferences display "joy-of-giving" i.e. an individual's utility is an increasing function of the amount of bequest left.
Optimal allocation
We use the backward induction method to solve the individual's problem. In particular we first solve the individual's second period problem then we use that solution to solve the individual's first period problem. Each period's problem is solved in two steps. To solve the individual's second period problem we first solve the sub-problem of max 
where, ψ =
Analytical results
Our simple model is general enough to encompass several cases: when we set the temptation parameter λ = 0 and the altruism parameter γ = 0, we have a standard OLG model without temptation and altruism; when we set λ > 0 and γ = 0, we have a OLG model with temptation; and when we set λ > 0 and γ > 0, we have a model with altruism and temptation. Similarly, we can turn off (on) the public pension program by setting τ = 0(> 0) [and hence, T = 0(> 0)].
Temptation, altruism and savings
In this section we focus on analyzing the effects of temptation and altruism on savings. We start our analysis by using a standard OLG model then we extend it by incorporating self-control problems and altruistic concerns to the model to understand how the existence of temptation and altruism would affect individuals' inter-temporal allocations and welfare. To isolate the effects of temptation and altruism we close down the public pension program.
In the standard OLG model, individuals allocate consumptions over life-cycle to maximize their life-time utility i.e. they keep a fraction of their initial endowment for old age consumption. The unit cost of consumption in the fist period is the inverse market interest rate, 1 R . The optimal saving rule is given by s * (λ=0 and γ=0) 1
Yet, when a non-altruistic individual has a self control problem i.e. λ > 0 and γ = 0, the optimal saving rule is given by s * (λ>0 and γ=0) 1
Since s * (λ>0 and γ=0) 1 < s * (λ=0 and γ=0) 1
, we conclude that individuals save less when they have self-control problems.
Proposition 1 Individuals with urge for temptation towards current consumption save less when they are young.
The intuition is as follows. Individuals try to balance their urge for high level consumption in a given period with the long term interest of resisting to it. Because the resistance to temptation comes with a cost (self-control cost), the optimal level of saving is lower than the case that there are no self-control issues.
We now introduce altruistic concerns to the model by assuming that individuals have "joy of giving" i.e. γ > 0. It is well established in the literature that altruistic individuals save more to leave bequests and make inter-vivos transfers. This result still holds even when individuals have self-control problems.
Proposition 2 Altruistic individuals save more even if they have self-control problems.
When individuals are altruistic and have self-control problems, the optimal saving rule is:
The variable ψ captures the effect of the interaction between altruism and temptation parameters on savings. Let consider the special case in which σ = 1 that results in ψ = (1 + γ) > 1. By plugging this value of ψ into the above saving rule we can show that that s * (λ>0 and γ>0) 1 > s * (λ>0 and γ=0) 1
. It implies that altruistic individuals save more because they save not only for old age consumption but also save for to leave bequests. The similar result holds when σ > 1. In other words, the presence of altruism mitigates the negative effect of temptation on savings.
This result also reveals that temptation and altruism factors affect individuals' saving decisions in the opposite directions: while the existence of temptation negatively affects individuals' savings, the existence of altruism positively affect individuals' savings.
Temptation, altruism and self-control cost
Proposition 3 Non-altruistic individuals with self-control problems face self-control costs only when they are young.
A non-altruistic individual's temptation and commitment consumption levels in the first period are given by c 1 = w + b 1 and c 1 =
respectively. Hence, the self-control cost of the non-altruistic individual can be written as
Non-altruistic individuals do not face self-control costs when they are old i.e. SCC (λ>0 and γ=0) 2 = 0. The reason is simple. They have only one choice when they are old: consuming everything available. In other words, their temptation and commitment consumption levels are identical in the second period.
Proposition 4 Altruistic individuals face self-control costs not only when they are young but also when they are old. In addition, self-control costs they face when they are young are larger.
In the second period, altruistic individuals need to split their wealth between consumption and bequest. To leave a bequest they should resist to the temptation that creates a self-control cost as in the first period. Although the presence of altruism mitigates the negative effects of temptation on savings in the first period, it generates additional self-control cost in the second period:
Moreover altruistic concerns result in higher self-control cost in the first period. When
is given by
Since SCC (λ>0 and γ>0) 1
< SCC
(λ>0 and γ=0) 1 < 0, we conclude that the self-control cost is larger for young altruistic individuals. The reason is as follows. In the altruistic framework individuals tend to save more when they are young to leave bequests. This means that the gap between commitment and temptation consumption levels widens. As a result, altruistic individuals face larger self-control cost in the first period. In other words, the more "joy of giving" individuals have the more self-control cost they face.
Corollary 1 Leaving bequest is costly for altruistic individuals who have self-control problems.
Social security, savings and self-control costs
An introduction of a PAYG social security system creates distortions on individuals' intertemporal allocations. The optimal saving rule in the presence of a social security system is given by
The term
 captures the direct effect of social security on savings. In other words, an increase in social security payments by one dollar would decrease savings by
The classic result that social security crowds out savings still holds. The term
captures the distortion of the tax-financing instrument on income.
Proposition 5 The presence of altruism mitigates the adverse effect of social security on saving.
The strength of the crowding-out effect of social security on savings is diminished in the dynastic framework. When individuals are not altruistic i.e. γ = 0, the adverse effect of social security on saving is equal to
we conclude that the adverse effect of social security on saving is much smaller when individuals are altruistic.
Next, we analyze the effects of social security on the level of consumption and the self-control cost. To isolate the effects of the PAYG on the self-control cost, we assume that social security benefit payments are fair: individuals receive back their contributions plus interest income i.e. T = Rτ w. The consumption level and the self-control cost are given by c
and
Proposition 6 The introduction of social security program reduces the self-control cost in the first period in both altruistic and non-altruistic frameworks.
Social security works as a forced saving mechanism in our model by assumption. It implies that while social security affects savings, it does not distort individuals' inter-temporal consumption allocations. In other words, consumption allocations remain identical before and after the introduction of the program. However, if individuals have self-control problems, social security can still create an additional benefit. It restrains young individuals' choice sets by reducing their available wealth through taxation. As a result, the young individuals' urges for temptation become less severe. This, in turn implies that the individuals face smaller self-control costs. Note that self-control costs become smaller as the tax rate τ increases.
Proposition 7 Social security does not reduce old individuals' self-control costs in the altruistic framework.
An altruistic old individual's self-control cost in an economy with PAYG system is the following:
An introduction of social security creates two opposite effects on available wealth in the second period. On the one hand it increases the transfer income received, on the other hand it reduces the investment income as a result of a decrease in savings in the first period. Since the former effect is larger than the latter effect, the introduction of social security creates a larger selfcontrol cost in the second period as shown by the following:
While social security reduces the size of the choice set in the first period, it extend the size of the choice set in the second period. Therefore, it reduces the self-control cost when individuals are young and increases it when individuals are old.
Corollary 2
The presence of altruism reduces the strength of the additional benefit offered by the PAYG system to individuals with self-control problems.
Quantitative analysis
In the previous section our partial equilibrium model was simple enough to obtain a close form solution. Hence, we were able to draw intuitive conclusions regarding the effects of altruism, temptation, and social security on individuals' choices. However, our analytical results do not encompass the general equilibrium effects. We know that a change in inter-temporal allocations ultimately affects capital accumulation and market prices. These in turn create feedback effects on individuals' resource allocations. These feedback effects can have very important implications for the policy analysis at hand as shown in the previous literature. In addition, since the effects of social security might vary across different income groups, it is important to model the heterogeneity among households. In this section, we develop a large scale OLG model with heterogeneous individuals to fully analyze the effects of social security.
Model 4.1.1 Demographics
We consider an economy populated by overlapping generations. Every period t a generation of economically active individuals is born. All newly-born individuals are endowed with a skill level s that might be high (H) or low (L). Individuals face stochastic lives and live maximum 2J periods. Following Fuster et al. [2003] , we assume that individuals' skill types affect their survival probabilities. A type s individual's probability of surviving up to age j conditional on surviving up to age j − 1 is given by v j (s). The constant cohort share of generation j individual can be written as follows
,where λ(s) is the measure of period 1 individuals and n is the constant population growth rate. Similarly, the cohort size of individuals dying each period (conditional on survival up to the previous period) can be defined recursively as η j (s) =
Altruism and household dynasty
Individuals are assumed to be altruistic towards both their children and parents i.e. they value their children and parents' consumption stream. In other words, the two-sided altruism exists in our model economy. There are three possible transfer schemes from parents to children: intervivos transfers (parents are alive when they make transfers), bequests (transfer realizes when parents die at the maximum age), and unintended bequests (transfer realizes when parents die early). Similarly, children can transfer wealth to their parents to promote well-being of them. An individual's life consists of two stages. The first stage of life, childhood, starts at age 1 and ends at at age J. The second stage of life, adulthood, starts at age J + 1 and ends at 2J. At age J + 1, individuals' parents die and their children are born. Variable J denotes the number of periods that children and parents' lives overlap i.e. individuals' lives overlap with those of their parents in the first J periods and overlap with those of their own children in the last J periods. We call individuals as children in the first stage of life and as parents in the second stage of life.
In each period the surviving members of a family form a decision unit called "household." Depending on their demographic structures, households are classified into one of three groups. Group 1 households are made up of parents and children, group 2 households are made up of parents only, and group 3 households are made up of children only. If parents and children survive together, they pool resources and solve a joint utility maximization problem. This is the simplest way to incorporate two-sided altruism. 6 If children do not survive, parents run households on their own and the family line breaks after parents die. If parents die early, children take over and set up children only household. At age J + 1, children themselves become new parents and start a new household with their own children. They again pool their resources and jointly solve a new household optimization problem.
Group 1 households last for J periods i.e. they last until parents die at age 2J. A group 1 household can become a group 2 household if children die and become a group 3 household if parents die during J periods. However, group 2 and 3 households' types do not change within J periods. The transition probability matrix that describes the movements between groups is given by
where g j = 1, 2, or 3 and v(s) The sequence of households of parents, children, grandchildren etc. in a family line defines a household dynasty. Each individual is a member of two consecutive households (or decision making units). In other words, an individual first sets up a household with her parents and then she sets up a household with her off-springs. Our model shows the features of both the infinite horizon and overlapping generation frameworks. While skill transmission and twosided altruism introduce an infinite horizon framework by generating a household dynasty that continues forever, our assumptions that each individual faces a random finite lifetime that overlaps with her parent and her children and a demographic shock that breaks a family line with a certain probability introduce a life-cycle framework.
Skill endowment
Individuals cannot change their skill types during their life-times, but it is possible that their children are born with different skill levels. We suppose that skill transmission across generations follows a two-state Markov process. The transition probability matrix is as follows:
where s p and s k denote a parent's and a child's skill levels respectively and π s p ,s k is the probability that the child is endowed with the skill level s k conditional on his parent's skill level s p . Individuals' labor efficiencies depend on both their skill levels and ages. We denote age and skill dependent efficiency by e j (s). There is no labor-leisure choice in our model economy i.e. individuals inelastically supply one unit of labor each period before the compulsory retirement age atĴ.
Government and social security
The government runs a pay as you go (PAYG) social security system. The system is selffinancing i.e. it is financed through payroll taxes collected from working age generations. In our calculation of social security benefits we follow Fuster et al. [2003] , who use a benefit formula that mimics the current benefit formula used by Social Security Administration. The social security benefits for each skill group are calculated as follows:
where M denotes the economy's average earnings, M H and M L denote the average lifetime earning of high skill and low skill individuals respectively, and Ψ denotes the average replacement rate. The benefit formula reflects the progressive structure of social security benefits. Marginal replacement rates are lower for individuals who have higher average life-time earnings indexed to the productivity growth. Total government expenditure, G is financed by labor and capital tax revenues and confiscated unintended bequests, b. The government runs a balanced budget. Payroll, capital, and labor tax rates are denoted by τ SS , τ L , and τ K respectively.
Technology
Output Y is produced by an aggregate technology that uses labor N and capital K. The technology is represented by a Cobb-Douglas constant returns production function
Output shares of capital and labor are given by α and 1 − α, respectively. The exogenously given technology level A grows at a constant rate g and capital depreciates at a constant rate δ ∈ (0, 1). Firms maximize their profits by setting wage and rental rates equal to marginal products of labor and capital respectively:
4.1.6 Household's problem
A household consists of a parent and children who pool incomes and solve a joint utility maximization problem. 7 The net wage income of a child at age j is defined as
While a working age parent earns wage income, a retired parent gets pension benefit. The net wage income of a parent at age j is given as
Hence, the growth-adjusted household budget constraint can be written as is an index function equal to 1 if parents are alive and 0 otherwise. We assume that children either survive all together or die all together. Variable a j denotes the household's asset holding at the beginning of age j and a j+1 is the asset holding in the next period. It is assumed that individuals face borrowing constraints, i.e. a j ≥ 0. Individuals in this economy have self-control preferences. We follow Gul and Pesendorfer [2004] and DeJong and Ripoll [2007] to model those preferences. Individuals face temptation each period and resisting to that creates a self-control cost. They try to balance their current consumption urge with their long-term benefit from not succumbing into temptation. We represent momentary utility and temptation utility functions, and temptation consumption by u(.), v(.), andč respectively.
A household in a dynasty starts with some initial assets in the form of bequests received from the previous household and then chooses sequences of consumption and savings to maximize its dynasty's expected utility. Let V j (Φ j ) be the value function of a household at j given a set of state variable Φ j . The set of state variable comprises the beginning of period asset holding, skill endowments and demographic structure of the household i.e.
The household problem can be defined recursively in terms of a Bellman equation as
(9) subject to (8) and the borrowing constraint a j ≥ 0 . The variable EV j+1 is the expected value function, defined as follows:
The term v c k j , c
denotes the the disutility of choosing con-
We call this disutility as a household's self-control cost.
We assume that the momentary function has a standard form of u(c) =
The temptation function might take the following functional form: v(c) = λu(c). In this functional form higher values of λ imply increases in the share of the temptation utility. We assume that temptation functions are strictly increasing i.e. individuals are tempted to consume their entire wealth each period.
A household's momentary utility function (temptation utility function) is the weighted sum of the parent's and children' momentary utility functions (temptation utility functions). More precisely, u c k j , c
J+j denote the household's momentary utility and temptation utility functions respectively.
The household problem includes several cases. If agents do not have self-control problems then we end up in an economy in which agents have standard in period constant relative risk aversion (CRRA) preferences. More specifically, the self-control cost drops out and the household problem becomes the following standard household problem:
subject to the budget constraint given by the equation 8 and a j ≥ 0.Similarly, if agents are not altruistic (θ = 0) then our model turns into a pure life-cycle model.
Households face shocks to their demographic structure each period as expressed by the Markov switching matrix Ω (g j , g j+1 ). Every J period when the new household is formed a shock to the occupational composition is realized via the Markov switching matrix Π s p , s k . This shock only affects the newborn generation and determines the type of household that this generation will form with their parents. The current household saving in the last period is the intended bequest, which is divided equally among m children and becomes the initial asset of the next households in the family line a 1 = a J+1 m .
Recursive competitive equilibrium
Definition 1 Given realizations of initial assets, skill levels s p , s k , exogenous skill transition probabilities Π, survival probabilities, and government policies {τ C , τ L , τ ss , τ K , ∆ G , θ} , a stationary recursive competitive equilibrium is a collection of value
, sequences of aggregate stocks of physical capital and labor {K, L} , and sequences of prices {w, r} such that
solve the household maximization problem, (9).
(ii) factor prices are determined by equations (2) and (3), (iii) aggregate stocks are given by
(iv) commodity markets clear
(vi) social security system is self financing social security tax revenue
(vii) and the time invariant distribution satisfies
Calibration
In this section, we briefly describe the parameter values of our model economy.
Demographic and labor market parameters
Economically active individuals are born at the age of 20 (model age of 1). They can live up to the the age of 90 (model age of 14) and retire at the age of 65 (model age of 9). Each period in our model corresponds to five years. The population growth rate n is assumed to be equal to the average of the US population growth rate between 1931 and 2006 which corresponds, on average, to 1.2% per year (U.S. Census Bureau [2006] ). This implies that the number of children of an individual, m is equal to 1.52. Labor-efficiency profiles of high-and low-skill individuals, e j (s) are calculated from the data on college and non-college graduates' earnings from the U.S.Census Bureau [2008] . The values for the transition probabilities are chosen following Fuster et al. [2003] as π H,H = 0.57 and π L,L = 0.83. In our model, conditional survival probabilities depend on individuals' skill levels. We take conditional survival probabilities for low-and high-skill individuals from Elo and Preston [1996] , who present data for the conditional survival probabilities of college and non-college graduate males in the US.
Technology
The parameters describing the production side of the economy are chosen to match the longrun features of the US economy. We set the capital share of output to the standard value, which is α = 0.33. The total factor productivity is chosen as A = 1. Nadiri and Prucha [1996] report estimates of physical capital and R&D capital depreciation rates are 5.9% and 12% respectively. Following Kydland and Prescott [1982] we set the capital depreciation rate δ equal to 6%. This implies that depreciation per period, δ * is equal to 0.2193 8 . Annual growth rate of technology g is taken as 2.1%, which is the actual average growth rate of GDP per capita taken over the time interval from 1959 to 1994 (Hugget and Ventura [1999] ).
Government and social security
The US Social Security Administration calculates retirement benefits by using a concave, piecewise linear benefit function. There is a negative correlation between average life time earnings and marginal replacement rates i.e. higher average lifetime earnings yield lower replacement rates. We choose the average replacement rate, Ψ equal to 0.40 that yields a realistic approximation of benefit formulas of high and low skill individuals in our economy. Government purchases to GDP ratio ( G Y ) set equal to 0.18. The capital income tax rate τ K , the consumption tax rate, and labor income tax rate τ L are set equal to 40%, 5.5%, and 20% respectively.
Preferences
Throughout our analysis we use a concave temptation function. Empirical studies estimate the values of the relative risk aversion parameter γ between 1 and 10 ( Auerbach and Kotlikoff [1987] ). We conduct our benchmark analysis by setting γ = 2 and λ = 0.0786 following DeJong and Ripoll [2007] . The annual discount factor β is calibrated in such a way that the capital-output ratio of the model approximates that of the US economy.
The parameters of the benchmark calibration is given in Table 1 . 
Results
Before starting the welfare analysis of a PAYG system in an economy with altruism and temptation we want to demonstrate the effects of temptation on economic aggregates. The following two examples are created for this purpose. 9 In our first example we want to show the effects of temptation on economic aggregates in a pure life cycle model (θ = 0). 10 In order to do so, we first calibrate a pure life cycle model economy to the US data assuming that the time-discounting factor β = 1.0126. In this calibration exercise, we assume that individuals have time-consistent preferences (λ = 0) and the social security replacement rate is 40% (Ψ = 0.40). This rate is approximately equal to the average replacement rate in the US. We hit the long-term average of the US capital output ratio of 2.5 (see Table 2 ). Then we shut down the social security system (Ψ = 0) to isolate the effects of temptation better and vary values of the temptation parameter λ. As it can be seen in Table 3 , the existence of temptation and the associated self-control cost cause a substantial reduction in the aggregate stock of capital. A comparison of of the first two rows of Table  3 reveals that the capital stocks decreases by 3.46%. It is interesting to see that this sharp decrease is actually generated by very small value of the temptation parameter. We increase the value of the temptation parameter by 50% starting with the parameter value of 0.025. The initial 50% increase reduces the level of capital stock about 1.74%. For the higher values of the temptation parameter, a 50% increase reduces the capital stock at higher rates . In other words, when the severity of temptation increases the marginal cost of temptation in terms of a decrease in the capital stock increases.
In our second example we use a two sided altruistic framework (θ = 1). First we calibrate the model to the US data assuming that the time-discount factor β = 0.94937. As in the above we assume that individuals have time-consistent preferences and the social security replacement rate is 40%. We hit the long-term average of the US capital-output ratio (see Table 4 ) then we shut down the social security system and vary the values of the temptation parameter. These two examples allow us to compare the distortions on the aggregate capital stocks in both altruistic and non-altruistic frameworks as a result of the existence of temptation. A quick comparison of the first two rows of Table 3 and Table 5 reveals that the existence of a selfcontrol problem at the same strength reduces the capital stock more in the altruistic framework (while the capital stock decreases 3.46% in the pure life cycle framework, it decreases 4.70% in the altruistic framework). Starting from the parameter value of 0.025 we increase the value of the temptation parameter by 50%. The initial 50% increase creates a 2.22% decrease in the aggregate capital stock. As in the first example the marginal cost of temptation in terms of a decrease in the capital stock increases as the severity of temptation increases. It is clear that each 50% increase in the value of temptation parameter creates more distortions in the altruistic framework. Kumru and Thanopoulos [2008] , in a pure life cycle framework, show that temptation negatively affects individuals' savings decisions and hence, it reduces the overall capital stock. In a dynastic framework in which individuals have time-consistent preferences, Fuster et al. [2003] show that individuals save more than those in a pure life cycle framework because of their altruistic concerns. These two studies show that temptation and altruism are two factors that have opposite effects on the aggregate capital stock. Our simple two period model confirms results of Kumru and Thanopoulos [2008] and Fuster et al. [2003] . However, it has been unknown that how temptation and altruism factors interact and what are the effects of the interaction on the capital stock. A comparison of above two examples provide an answer to this question: the existence of temptation severely reduces the capital stock in both altruistic and pure life-cycle frameworks but the rate of decrease in the capital stock is larger when individuals are altruistic. In other words, same degree of temptation reduces the capital stock more in the dynastic framework. The mechanism that derives this result is as follows. The existence of altruism causes a higher level of savings that results in a higher level of wealth in each period. Yet, the higher level of wealth in each period translates into a higher level of self-control cost for a given level of temptation. Therefore, individuals decrease their savings more to escape from higher self control costs in the dynastic framework due to an increase in the strength of temptation.
Next we analyze both aggregate and welfare effects of a PAYG system in economies populated with individuals who have time-consistent and self-control preferences respectively. We first use a pure life cycle framework then we employ a two-sided altruistic framework. 11 In all our analysis we chose β in such a way that the capital-output ratio is about 2.5 when the social security replacement rate Ψ = 0.40. As in Fuster et al. [2003] , households differ in terms of their demographic composition and skills. According to their demographic compositions households are divided into three groups: a household is made up of both a parent and children is called as Group 1 household and denoted by G1; a household is made up of the parent only is called as Group 2 household and denoted by G2; a household is made up of only of children are called as Group 3 household and denoted by G3. Since individuals differ in terms of their skill levels, a G1 type of household is divided further into four categories: LL, LH, HL, and HH. The first capital letter denotes the parent's skill level (H for high skill and L for low skill) and the second capital letter denotes children' skill levels. G2 and G3 types of households are divided into two more categories: H and L. For each case we create two tables. The first table shows the levels of capital stock, consumption, and output relative to the corresponding levels at 0% replacement rate economy. The second table shows the welfare effects of various replacement rates on different types of households. In particular, the first column of the second table reports the average replacement rate which varies between 0% and 100%. Each remaining column except the last column reports the steady state expected life-time utility of households relative to the corresponding levels at 0% replacement rate economy. The last column reports the average of the households' expected lifetime-utilities.
In the first case we use a pure life cycle framework in which individuals have time consistent preferences. This case corresponds to the standard social security models that are extensively analyzed (see for example Imrohoroglu et al. [1995] ). Our results here are consistent with those of the previous studies. In particular, a higher social security replacement rate causes a lower level of capital stock and a lower level of expected utility for each type of G1 households because the PAYG system transfers resources from individuals who have high propensity to save to individuals who have high propensity to consume (see Table 6 and Table 7 ). Note that the only parent household G2 always prefers the highest social security replacement rate because its member receives much higher social security benefits than her contributions to the system through payroll taxes. Similarly the only children household G3 always prefers the lowest social security replacement rate because its members do not get any social security benefits although they contribute to the system through their payroll taxes. Therefore we generally do not pay much attention to G2 and G3 types of households' welfare.
In the second case we use a pure life cycle framework in which individuals have self-control preferences. This case corresponds to the model analyzed by Kumru and Thanopoulos [2008] and our results are consistent with their results. Each social security replacement rate reduces the capital stock more because of the existence of temptation (compare Table 6 and Table 8 ).
Yet the welfare cost of having a higher social security replacement rate is not as high as in Case 1 (see Table 9 ). In other words, each replacement rate reduces each G1 household's welfare less. In Case 2, the PAYG system offers an additional benefit: It reduces individuals' self-control cost by reducing their wealth each period. As a result, the PAYG system is less detrimental to the overall welfare.
In the third case we use a two-sided altruistic framework in which individuals have timeconsistent preferences. The model we analyze corresponds to the model analyzed by Fuster et al. [2003] . A comparison of Table 6 and Table 10 reveals that the presence of altruism mitigates the crowding out effect of a PAYG system. Hence the steady state expected utility of a new born household is either reduced less or increased by a higher replacement rate in comparison to Case 1 (see Table 11 ).
Although in our initial examples we demonstrated that the existence of temptation in an altruistic framework reduces the capital stock more, it has not yet been known how these two factors together alter the welfare implications of a PAYG system. The three cases above demonstrate that altruism and temptation are quite effective to mitigate adverse welfare consequences of higher social security replacement rates.
The fourth case is created to analyze the welfare implications of a PAYG system in a two sided altruistic framework in which individuals have self-control preferences. This case allows us to explore how altruism, temptation and a PAYG system interact with each other and the effects of this interaction on economic aggregates and welfare of each type of household. To demonstrate the effects of temptation better in an altruistic framework we often compare the results in this case with those of Case 3.
Introducing social security with 40% replacement rate causes a crowding-out effect in both Case 3 and Case 4. In particular, while an economy with 0% replacement rate creates 9.29% more capital stock and 3.45% more output in Case 3 it creates only 8.09% more capital stock and 2.99% more output in Case 4 (see Table 10 and Table 14 ) We have already showed that the existence of temptation in an altruistic framework reduces the capital stock. Because the level of capital stock is lower in Case 4 than that of Case 3, the same replacement rate creates less severe crowding-out effect in Case 4. In other words, the marginal crowding-out effect of a replacement rate is smaller if the economy populated with individuals who have self-control problems. As in the previous cases 0% replacement rate economy of Case 4 creates the highest level of capital stock. Table 11 shows that while LL, LH, and HH types Group 1 households prefer a 0% social security replacement rate, a HL type Group 1 household prefers a 100% social security replacement rate in Case 3. 12 give a number of reasons regarding with the observed differences in preferences towards various social security replacement rates: First, because households' life spans differ the value they assign to the annuity role of social security differs. Second, social security redistributes income from high-skill individuals to low skill individuals through the progressive benefit formula and hence, low skill individuals might prefer higher replacement rates. Third, more borrowing constrained households might value social security less. Not surprisingly while a Group 2 household where only a parent is alive prefers the highest replacement rate a Group 3 household in which only children are alive prefers the lowest replacement rate. The reason is as follows: In the former case, a household receives much higher social security benefits compared to its life-time social security payroll tax payments and hence, the highest replacement rate is optimal for this group. In the latter case, a household does not receive any social security benefits and hence only a 0% replacement rate maximizes its welfare.
Welfare results in Case 4 are quite interesting. On average, the negative welfare effects of social security are mitigated when individuals have self-control preferences in a dynastic framework. However, welfare effects of social security vary significantly across different types of households. Households' wealth seems to be the key factor governing those differences. In this environment social security provides an additional benefit through the channel of reducing available wealth in each period. In other words, it plays a role of a temptation reducing device. Demand for such a device varies across different types of households. Richer households seems to demand more social security to reduce their large self-control costs. HL and HH types G1 households have relatively larger household wealth than those of LL and LH types G1 households. This, in turn implies that HL and HH types G1 households face larger selfcontrol costs for a given strength of temptation and hence, they have a higher demand for a self-control reducing device. The existence of the PAYG system certainly help to meet their demands. In particular, an increase in the generosity of social security (an increase in the social security replacement rate) increases HL type's expected utility more when individuals have self-control preferences (compare tables 11 and 13). Note that both in Case 3 and Case 4, HL types prefer 100% replacement rate as in Fuster et al. [2003] but the presence of temptation makes the welfare gain more pronounced. Similarly, an increase in the generosity of social security decreases HH type household's expected utility less when individuals have self-control preferences (see tables 11 and 13).
LL and LH types G1 households have relatively low wealth. This implies that for a given strength of temptation these two types have lower self-control costs and hence, they have lower demand for a self-control reducing device. Hence, the additional benefit of social security as a self-control reducing device is quite small. A comparison of tables 11 and 13 reveals that higher replacement rates decrease LL and LH type's expected utilities more in Case 4 when replacement rates are relatively small. Surprisingly, the presence of temptation does not mitigate but exaggerate the adverse welfare implications of a PAYG system for poor households for smaller replacement rates. If the replacement rates are big enough (bigger than 0.3 for LL types and bigger than 0.4 for LH types) then the presence of temptation does mitigate the adverse effects of social security. This non-linear effects are due to the structure of social security benefit function and general equilibrium effects. One should note that our social security benefit formula is more progressive towards the low-skill retired parents (namely, lowincome households).
Sensitivity analysis
We conduct a sensitivity analysis to test robustness of our results. We increase the values of temptation parameters in the benchmark model to .1572 and to 0.2. In each experiment, we re-calibrate the benchmark model when Ψ = 0.4 to hit our target moment. We then vary the replacement rates and report the effects on aggregate variables and welfare in tables from 14 to 17. We find that our results are quite robust. When we increase the value of temptation parameter, the self-control cost becomes more severe. It means that the role of social security as a self-control cost reducing device becomes more important. Consequently, the adverse effect of PAYG system on welfare is mitigated further.
Conclusion
We study the effects of the PAYG social security in an environment where agents are altruistic and have self-control problems. We first conduct our analytical analysis in a simple partial equilibrium OLG model. Next, we extend to a large scale general equilibrium OLG model with altruistic individuals. We calibrate our large OLG model to the US data to conduct quantitative analysis. We find that the presence of altruism mitigates the adverse effects of temptation on savings but magnifies the severity of temptation and the self-control costs. In such an environment PAYG system not only provides consumption smoothing and risk-sharing but also provides an additional benefit: a channel that reduces the severity of temptation. Therefore, the adverse welfare effects of the PAYG system futher mitigated.
In short, in this paper we make two contributions to the literature. First, we develop an analytical framework to explore how the interaction between altruism and temptation affects individuals' inter-temporal allocations and welfare. Second, we analyze the roles and welfare implications of a PAYG social security system when altruism and temptation are presented at the same time.
In this analysis we focus on steady state analysis. We abstract from the short-run effects of social security reforms. In addition, we aslo assume away interaction between self-control problems and liquidity constraints. We think that these are interesting issues for future research.
and bequest b 2 , we leave it out. The FOCs deliver the following two equations:
where p 2 is the Lagrangian multiplier. The combination of these two equations yields the following relationship between the level of consumption and bequest:
By plugging it into the budget constraint we can get the following decision rules:
The maximum of the value function in the second period is given by
The self-control cost in the second period is given by
Now we can solve the first period maximization problem. We first set the following value function:
We solve the individual's problem in two steps as in the above. In the first step we get the following temptation consumption level:
In the second step, the utility maximization problem is written in terms of the the Bellman equation:
Taking the FOCs lead to the following Euler's equation:
where
is the marginal value function that represents the marginal utility of saving. Taking the derivative of the value function V 2 (s 1 ) with respect to s 1 yields
Combining the above two equations yields that
This, in turn, delivers the followings:
Using the expression for s 1 in the budget constraint we can calculate the following expressions:
After manipulating the above two equations, we can get individuals' decision rules:
The self-control cost in period 1 is given by
Optimal choices in the second period in terms of wage income, bequest and pension income are
where, y 2 is the income available at beginning of the second period. Table 3 : Aggregate variables in the non-altruistic framework with different degree of temptation and no social security: θ = 0, Ψ = 0 and β = 1.0126 Table 5 : Aggregate variables in the altruistic framework with social security and different degree of temptation: θ = 1, Ψ = 0 and β = 0.949372 Table 6 : Aggregate effects of social security in the non-altruistic framework with no temptation: Table 7 : Welfare effects of social security in the non-altruistic framework with no temptation: θ = 0, λ = 0 and β = 1.0126 Table 9 : Welfare effects of social security in the non-altruistic framework with temptation:θ = 0 and λ = 0.0786, and β = 1.0201 Table 11 : Welfare effects of social security in the altruistic framework with no temptation: θ = 1 and λ = 0, and β = .949372 Table 16 : Aggregate effects of social security in the altruistic framework with temptation: θ = 1 and λ = 0.2, and β = .9616
